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(54) FUEL CELL SYSTEM 

(57) When a polyelectrolyte type fuel ceil which is 
actuated at about 60 °C is used, heating with an 
exhaust gas is difficult. Therefore, a polyelectrolyte type 
fuel cell (PEW) is used as a fuei cell main body and a 
metallic hydrogen storing container storing hydrogen is 
connected to the PEM with a hydrogen pipe through a 
humidifying device for humidifying the electrolytic film of 
the PEM. The PEM and hydrogen storing container are 
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connected to each other through a heat conductor com- 
posed of a copper plate. Because of the copper plate, 
the heat generated from the PEM is transmitted to. the 
hydrogen storing container and raises the temperature 
and pressure in the container. Therefore, hydrogen is 
supplied to the PEM in an excellent state. 
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Description 

Technical Field 

This invention relates to a fuel cell system in which 
a fuel cell and hycirogen absorbing alloys are combined. 

Background Art 



In recent years, a fuel cell system, in which a. fuel 
cell and hydrogen absorbing alloys are combined has 
been used as a portable power source. Various consti- 
tutions of such a fuel cell system have been proposed 
(such as Japanese Patent Application Laid-Open Nos. 
6-76848 and 6-60894). 

Among these, as a typical conventional example, a 
constitution described in Japanese Patent Application 
Laid-Open No. 6-150955 will be described in detail 
referring to Figs. 9 and 10. 

In these drawings, cylinders 32 filled with hydrogen 
absorbing alloys which supply hydrogen to a fuel ceil 31 
are contained in a housing 34 of a portable structure 
independent from a power source body 33 containing 
the fuel cell 31, and in this housing 34 t exhaust gas 
introducing section 35 is provided so that exhaust gas 
produced by the fuel cell 31 passes around the cylin- 
ders 32. 

. in this example, since the housing 34 containing the 
cylinders 32 has a portable structure independent from 
a power, source body 33, the size of the housing 34 can 
be increased without spatial limitation for the cylinders 
32. Also, in order to supply hydrogen smoothly, exhaust 
gas from the fuel ceil 31 is introduced around the cylin- 
ders 32 so as to increase the temperature and pressure 
of the tank. 

As the second example, as Japanese Patent Appli- 
cation Laid-Open No. 4-181659 describes, there was a 
fuel cell system in which the equilibrium hydrogen pres- 
sure at the upper limit of the plateau region of hydrogen 
absorbing alloys as a hydrogen storage means is 10 
atm or below under an ordinary pressure, in order to 
enhance the safety of fuel cell systems. 

Incidentally, in conventional fuel cell systems, since 
the type which operates at a relatively high temperature 
of 170°C or above, such as a phosphoric acid type fuel 
cell, is used as the fuel cell body, cylinders were effec- 
tively-heated by exhaust gas. 

However, when a polymeric electrolyte typefuel cell 
operating at about 60°C was used for further, reducing 
the size of fuel ceils for the use of electric appliances , 
such as personal computers, and for generating electric 
>owerfor a long period of time, there was a problem that 
seating by exhaust gas was difficult. 

Furthermore, rf the temperature of a hydrogen stor- 
age vessel in operation was not an ordinary tempera- 
te, and if the equilibrium hydrogen pressure at the 
'Pper limit of the plateau region of hydrogen absorbing 
"°ys is 10 atm or below under an ordinary pressure, 



there was problems that the equilibrium hydrogen pres- 
sure in operation elevated when the temperature was 
higher than the normal temperature, and that the equi- 
librium hydrogen pressure in operation lowered when 
the temperature was lower than the normal temperature 
and that hydrogen can not be supplied. 

Disclosure of the Invention 
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It is an object of this invention to sofve the problems 
described above, and to provide a small fuel cell system 
which can operate for a long period of time. 

In order to solve the problems described above, the 
fuel cell of this invention comprises a fuel cell body and 
a hydrogen storage vessel which are linked together by 
a means that can supply and receive heat, such as a 
good conductor of heat 

This means that when the temperature of a hydro- 
gen storage vessel in operation is an ordinary tempera- 
ture or above, the supply and receipt of heat is to heat 
the hydrogen storage vessel with heat generated by the 
polymeric electrolyte type fuel cell body; and when the 
temperature of a hydrogen storage vessel in operation 
is an ordinary temperature or below, the supply and 
receipt of heat is to cool the polymeric electrolyte type 
fuel cell body by heat absorbed by the hydrogen storage 
vessel. 

Furthermore, in addition to the main means that 
can supply and receive heat, a supplementary means 
that can supply and receive heat may be provided with 
a fan, whereby air is supplied to the fuel cell body. 

The hydrogen storage vessel can be attached to or 
detached from the small system body. 

Also, the equilibrium hydrogen, pressure at the 
upper limit of the plateau region of hydrogen absorbing 
alloys in the hydrogen storage vessel is made 10 
kg/cm 2 g or below at the temperature of this hydrogen 
storage vessel in operation. 



40 Brief Description of the Drawings 



Figure 1 is a first conceptual diagram of a fuel cell 
system which is a first embodiment of this invention. 

Figure 2 is a second conceptual diagram of a fuel 
cell system which is a first embodiment of this invention. 

Figure 3 is a perspective view of a hydrogen supply 
unit which is a second embodiment of this invention. 

Figure 4 is a conceptual diagram of a fuel cell sys- 
tem which is a third embodiment of this invention. 
• Figure 5 is a first conceptual diagram of a fuel cell 
system which is a fourth embodiment of this invention. 

Figure 6 is a second conceptual diagram of a fuel 
cell system which is a fourth embodiment of this inven- 
tion. 

Figure 7 is a conceptual diagram of a fuel cell sys- 
tem which is a fifth embodiment of this invention. 

Figure 8 is a diagram showing the temperature 
dependency of the equilibrium hydrogen pressure of 
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AB2-type Ti(Zr)-Mn-based hydrogen absorbing alloys. 

Figure 9 is a perspective (partially sectional) view of 
a prior art fuel cell system. 

Figure 10 is a perspective (partially sectional) view 
of a prior art fuel cell system. $ 

(Description of Symbols) 



1 Polymeric electrolyte type fuel cell (REM) 

2 Hydrogen storage vessel 

3 Humidifier 

4 Hydrogen supply piping 
5. Fan 

6 Housing 

7 Suction port 

8 Exhaust port 

9 Copper plate 

10 Hydrogen supply port 

11 Quick connector 

12 Hinge 

13 Screw 

31 Fuel cell 

32 Cylinder 

33 Power source body 

34 Housing 

35 Exhaust gas inlet . 

Best Mode for Carrying Out of the Invention 

Embodiment of this invention will be described 
below referring to Figure 1 through Figure 8. 
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(Embodiment 1) 

Figure 1 and Figure 2 are conceptual diagrams of a 35 
fuel cell system which is a first embodiment of this 
invention. In Figure 1 and Figure 2, a polymeric electro- 
lyte type fuel cell 1 (hereafter abbreviated as PEM) is 
adopted as a fuel cell body Furthermore, a hydrogen 
storage vessel 2 made of a metal which stores hydro- 40 
gen is connected to the PEM 1 by a hydrogen supply 
piping 4 provided with a humidifier 3 in the middle for 
humidifying the electrolyte membrane of the PEM 1. 
Also, there is a fen 5 for supplying air as an oxidant to 
the PEM 1, and these components are contained in a 45 
housing 6. 

The housing 6 is preferably made of a plastic mate- 
rial of high heat insulation and excellent heat resistance 
so that the heat of PEM1 will not affect outside. Further- 
more, the housing 6 has a suction port 7 and an exhaust so 
port 8, and air is circulated by a fan 5. Therefore, the air 
passes through the vicinity of the PEM 1 and is heated. 
There is a supplementary effect that the heated air 
heats the hydrogen storage vessel 2. The hydrogen 
storage vessel 2 also has a hydrogen supply port 10 ss 
installed thereon. 

Furthermore, the PEM 1 and the hydrogen storage 
vessel 2 are connected by a copper plate 9 as a con- 



ductor of heat This copper plate 9 can be substituted by 
other heat conductors such as an aluminum plate or a 
heat conducting sheet. 

Also, by making the copper plate 9 of the same 
material as the hydrogen storage vessel 2, the hydro- 
gen storage vessel 2 and the heat conductor can be of 
an integrated structure. By using such a structure, the 
conductivity of heat can be improved and the size of the 
system can be reduced. 

Heat generated in the PEM 1 is transferred to the 
hydrogen storage vessel 2 through this copper plate 9, 
and elevates the temperature and pressure in the ves- 
sel. By this, hydrogen is well supplied to the PEM 1. 

When hydrogen in the hydrogen storage vessel 2 is 
exhausted, hydrogen is supplemented through the 
hydrogen supply port 10. 

In this constitution, since no supplementary heat 
sources are used such as a heater, the efficiency is 
improved. 

Furthermore, since the PEM 1 is cooled by the 
endothermic reaction when the hydrogen absorbing 
alloys release hydrogen, no excessive heat is 
exhausted to exterior. Therefore, when used in electric 
appliances such as personal computers, there is an 
effect that heating by the system can be prevented. 

If the copper plate is provided only on the central 
portion where temperature rise is large as Figure 2 
shows, the effect of making heat distribution constant 
can be obtained. 

In this embodiment, when the hydrogen storage ■ 
vessel 2 is operated at a temperature higher than an 
ordinary temperature, the same action and effect can be 
obtained from the same constitution used when the 
hydrogen storage vessel 2 is operated at a temperature 
lower than an ordinary temperature. 

(Embodiment 2) 



Figure 3 is a perspective view of a hydrogen supply 
unit which is a second embodiment of this invention. 

in Figure 3, the hydrogen storage vessel 2 has a 
quick connector 1 1 installed thereto, and can be con- 
nected to a hydrogen supply piping (not shown in Figure 
3). Although this quick connector 11 is most preferred 
because of its simple handling, other attachable and 
detachable connecting means, such as a VCR connec- 
tor may be used. 

Further, a copper plate 9 which can be opened and 
closed using a hinge 12 and screws 13 encloses the 
hydrogen storage vessel 2 tightly. This copper plate 9 
transfers heat generated by the PEM (not shown) in 
operation to the hydrogen storage vessel 2. 

This copper plate 9 may be replaced by other con- 
ductors of heat such as aluminum plate as in the case of 
the first embodiment Furthermore, the upper and lower 
parts of the copper plate 9 may be made attachable and 
detachable not only by the hinge 12 and screws 13. but 
by simple engaging or by an eyelet with a binder. 
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By the above constitution, only the hydrogen stor- 
age vessel 2 may be replaced when hydrogen in the 
hydrogen storage vessel 2 is exhausted. Therefore, 
effects such as the reduction of running costs, as well 
as decrease in the down time of the fuel ceil system are 
obtained. 

(Embodiment 3) 

Figure 4 is a conceptual diagram of a fuel cell sys- 
tem which is a third embodiment of this invention. 

In Figure 4, symbols same as in Figure 1 represent 
elements having the same names and functions as in 
Figure 1. 

In this embodiment, the PEM 1 has almost the 
same size as the size of the hydrogen storage vessel 2, 
and the supply and receipt of heat is performed by the 
direct contact of the PE1 with the hydrogen storage ves- 
sel 2. By the above constitution, heat can be supplied 
and received efficiently and compactly without using a 
conductor of heat. 

(Embodiment 4) 



* In this embodiment the hydrogen storage vessel 2 
is operated at a temperature higher than an ordinary 
temperature, particularly at almost the same tempera- 
ture as the temperature of the PEM 1 . In this case, 
although the costs increase, heat is supplied and 
received by a heat pipe 18. The heat pipe 18 is advan- 
tageous in that heat can be transferred even if the tem- 
perature gradient is small. 

io (Embodiment 6) 

Figure 8 is a diagram showing the temperature 
dependency of the equilibrium hydrogen pressure of 
.AB2-type Ti(Zr)-Mn-based hydrogen absorbing alloys. 

75 As the figure shows, in AB2-type Ti(Zr)-Mn-based 
hydrogen absorbing alloys, since the equilibrium pres- 
sure of hydrogen can be varied continuously by varying 
the composition (chiefly the Ti:2r ratio), the pressure 
can be 10 kg/cm 2 g or below according to the operating 

20 temperature used. 

In this way, the safety of fuel cell systems can be 
improved by selecting the most adequate hydrogen 
absorbing alloys while supplying hydrogen smoothly. 



Figure 5 and Figure 6 are conceptual diagrams of a 
fuel cell system which is a fourth embodiment of this 
invention. 

In these figures, symbols same as in Figure 1 rep- 
resent elements having the same names and functions 
as in Figure 1. 

In Figure 5, the hydrogen storage vessel 2 operates 
at a temperature higher than an ordinary temperature. 
An air cooling fen 16 first forces air introduced through 
the suction port 7 provided on the side of the PEM 1 as 
the figure shows against the PEM 1 to cool the PEM 1, 
and at the same time, gathers heat from the PEM 1 with 
the air, and heats the hydrogen storage vessel 2 using 
the heated air. 

In Figure 6, the hydrogen storage vessel 2 operates 
at a temperature lower than an ordinary temperature. 
An air cooling fan 16 first forces air introduced through 
the suction port 7 provided on the side of the hydrogen 
storage vessel 2 against the hydrogen storage vessel 2 
to heat the hydrogen storage vessel 2, and at the same 
time, gathers cool from the hydrogen storage vessel 2 
with the air, and cools the PEM 1 using the cooled air. In 
this case, since the direction of air flow is opposite from 
the air flow from the fan 5 which supplies air as an oxi- 
dant to the PEM 1, a barrier 17 is provided to prevent 
mutual interference. 
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25 Possibility of Industrial Applications 



According to this invention as described above, the 
hydrogen storage vessel can be heated efficiently even 
in polymeric electrolyte type fuel cells. 

Moreover, the exhausted heat from the systems 
may be minimized. 

If the hydrogen storage vessel can be attached to or 
detached from the main part of a small system, only the 
hydrogen storage vessel can be replaced for supple- 
menting hydrogen. Therefore, effects such as the reduc- 
tion of running costs, as well as decrease in the down 
time of the fuel ceil system are obtained. 

The safety of fuel cell systems is also improved. 
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40 Claims 

1- A fuel cell system comprising a polymeric electro- 
lyte type fuel ceil body, a hydrogen storage vessel 
containing hydrogen absorbing alloys, a hydrogen 

45 supply piping for supplying hydrogen from said 
hydrogen storage vessel to said fuel ceil, and a 
means which can supply or receive heat thermally 
connecting said fuel cell body and said hydrogen 
storage vessel so that heat can be supplied and 

so received. 



(Embodiment 5) 

Figure 7 is a conceptual diagram of a fuel cell sys- 
tem which is a fifth embodiment of this invention. 

In Figure 7, symbols same as in Figure 1 represent 
elements having the same names and functions as in 
r igurel. 



2. A fuel cell system as claimed in claim 1 further com- 
prising a fan as a supplementary means which can 
supply or receive heat in addition to the main 

55 means which can supply or receive heat, said fan 
supplying air to said fuel cell body. 

3. A fuel cell system as claimed in claims 1 or 2, 
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wherein the hydrogen storage vessel is a vessel 
attachable to and detachable from the main part of 
the system. 

4. A fuel cell system as claimed in claims 1, 2, or 3, s 
wherein the means which can supply or receive 
heat is a conductor of heat. 

5. A fuel cell system as claimed in claim 4, wherein the 
conductor of heat is integrated with the hydrogen 10 
storage vessel. 

6. A fuel cell system as claimed in any of claims 1, 2, 
or 3, wherein the means which can supply or 
receive heat is an air cooling fan. 1$ 

7. A fuel ceil system as claimed in any of claims 1 to 6, 
wherein the temperature of the hydrogen storage 
vessel in operation is an ordinary temperature or 
above, and the supply and receipt of heat is per- 20 
formed by heating said hydrogen storage vessel 
with heat generated by said polymeric electrolyte 
type fuel cell body. 

8. A fuel cell system as claimed in claim 7, wherein the 25 
means which can supply or receive heat is a heat 

- pipe. 

9. A fuel cell system as claimed in any of claims 1 to 6, 
wherein the temperature of the hydrogen storage 30 
vessel in operation is an ordinary temperature or 
below, and the supply and receipt of heat is per- 
formed by cooling said polymeric electrolyte type 
fuel cell body with coolnnes generated by endother- 
mic reaction of said hydrogen storage vessel. 35 

10. A fuel cell system as claimed in claims 7 or 9, 
wherein the equilibrium hydrogen pressure at the 
upper limit of the plateau region of hydrogen 
absorbing alloys in the hydrogen storage vessel is 40 
10 kg/cm 2 g or below at the temperature of said 
hydrogen storage vessel in operation. 

11. A fuel cell system as claimed in claim 10, wherein 

the hydrogen absorbing alloys have an AB2-type 45 
Laves phase structure. 

12. A fuel cell system as claimed in claim 1, wherein 
said means which can supply or receive heat has a 
structure wherein said fuel cell body contacts so 
directly with said hydrogen storage vessel. 

Amended claims under Art 19,1 PCT 

1 (amended). A fuel cell system comprising a poly- 55 
meric electrolyte type fuel cell body, a hydrogen 
storage vessel containing hydrogen absorbing 
alloys, a hydrogen supply piping for supplying 



»■ hydrogen from said hydrogen storage vessel to said 
fuel cell, and a conductor of heat thermally connect- 
ing said fuel ceil body and said hydrogen storage 
vessel so that heat can be supplied and received. 

2 (amended). A fuel cell system as claimed in claim 
1, wherein said conductor of heat is integrated with 
said hydrogen storage vessel. 

3 (amended). A fuel ceil system comprising a poly- 
meric electrolyte type fuel cell body, a hydrogen 
storage' vessel containing hydrogen absorbing 
alloys, a hydrogen supply piping for supplying 
hydrogen from said hydrogen storage vessel to said 
fuel ceil, and an air cooing fan thermally connecting 
said fuel cell body and said hydrogen storage ves- 
sel so that heat can be supplied and received. 

4 (amended). A fuel cell system comprising a poly- 
meric electrolyte type fuel cell body, a hydrogen 
storage vessel containing hydrogen absorbing 
alloys, a hydrogen supply piping for supplying 
hydrogen from said hydrogen storage vessel to said 
fuel cell, and a heat pipe thermally connecting said 
fuel cell body and said hydrogen storage vessel so 
that heat can be supplied and received. 

5 (amended). A fuel cell system comprising a poly- 
meric electrolyte type fuel cell body, a hydrogen 
storage vessel containing hydrogen absorbing 
alloys, and a hydrogen supply piping for supplying 
hydrogen from said hydrogen storage vessel to said 

. fuel cell, wherein said fuel cell body and said hydro- 
gen storage vessel have a structure to directly con- 
tact to one another so that heat can be supplied and 
received. 

6 (amended). A fuel cell system as claimed in any 
of claims 1 to 5, wherein in addition to said mecha- 
nism for thermally connecting said fuel cell body 
and said hydrogen storage vessel so that heat can 
be supplied and received, a fan is provided as a 
supplementary means for thermally connecting 
said fuel cell body and said hydrogen storage ves- 
sel so that heat can be supplied and received, said 
fan also supplying air to said fuel cell body. 

7 (amended). A fuel cell system as claimed in any 
• of claims 1 or 3 to 6, wherein said hydrogen storage 
vessel is a vessel having a structure attachable to 
and detachable from the main part of the system. 

8 (amended). A fuel cell system as claimed in any 
of claims 1 to 7, wherein the temperature of said 
hydrogen storage vessel in operation is an ordinary 
temperature or above, and said supply and receipt 
of heat is performed by heating said hydrogen stor- 
age vessel with heat generated by said polymeric 
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electrolyte type fuel cell body. 

9 (amended). A fuel cell system, as claimed in any 
of claims t to 3 or 5 to 7, wherein the temperature 

of said hydrogen storage vessel in operation is an s 
ordinary temperature or below, and said supply and 
receipt of heat is performed by cooling said poly- 
meric electrolyte type fuel cell body with coolness 
generated by endothermic reaction of said hydro- 
gen storage vessel. io 

10 (amended). A fuel cell system as claimed in 
claims 8 or 9, wherein the equilibrium hydrogen 
pressure at the upper limit of the plateau region of 
hydrogen absorbing alloys in said hydrogen storage is 
vessel, is 10 kg/cnr^g or below at the temperature of 
said hydrogen storage vessel in operation. 

11 (amended). A fuel cell system as claimed in 
claim 10, wherein said hydrogen absorbing alloys 20 
have AB2-type Laves phase structure. 
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